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A B S T R A C T
Foot and mouth disease (FMD) is endemic in India and three serotypes viz, O, A, and Asia1
are prevalent in the country. In the current study a total of 551 serum samples were col-
lected randomly from 51 cattle, 127 sheep and 373 goats from areas with or without the
history of recent outbreaks in different districts of coastal Odisha, India. The samples were
screened for antibodies against non-structural proteins (NSPs) and structural proteins (SP)
of FMD virus to gather evidence with respect to the FMD virus circulation. The study re-
vealed a higher level of NSP antibodies in goats (38.33%) and cattle (33.33%), and lower
prevalence in sheep (3.93%). In case of SP antibodies, the prevalence was higher in cattle
(68.62%) followed by goats (38.87%) and sheep (17.32%). The study reiterates the impor-
tance of strengthening of FMD surveillance in small ruminants as they could pose a potential
risk of virus transmission to cattle.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Beni-Suef Uni-
versity. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Foot-and-mouth disease (FMD) remains a serious threat
to the livestock population of India where the disease is
endemic. The causative agent, FMD Virus (FMDV), belongs to
genus Aphthovirus in the family Picornaviridae (Racaniello, 2001).
The virus occurs as seven genetically and antigenically dis-
tinct serotypes (A, O, C, Asia 1 and Southern African Territories
(SAT) 1–3) and multiple subtypes (Domingo et al., 2003). The
earliest record of FMD in India dates back to 1864 when it oc-
curred in many parts of the country (Pattnaik et al., 2012). All
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the four Euro Asian serotypes (O, A, C and Asia 1) have been
recorded so far in India and serotype C has not been encoun-
tered in the country since 1995 (Subramaniam et al.,
2012).
Livestock is an important sub-sector of agricultural pro-
duction system in India and plays a major role in the
national economy as well as in the socioeconomic develop-
ment of millions of rural households spread across more
than 600,000 villages (Pattnaik et al., 2012). India has one of
the largest livestock populations in the world with about 528
million heads of FMD susceptible animals (Pattnaik et al.,
2012). The state of Odisha holds 5% of the Indian livestock
population with 24.02 million heads of FMD susceptible
livestock population, which includes 14.28 million cattle,
1.439 million buffaloes, 1.758 million sheep, 5.974 million
goats and 0.569 million pigs. Regional distribution of FMD in
India suggests the highest prevalence in the Eastern region
(43%), which includes the state of Odisha, Bihar, West Bengal
and Jharkhand (Subramaniam et al., 2012). FMD outbreaks
are regularly recorded in the state of Odisha and serotype O
has been the most prevalent one. Outbreaks due to serotype
A have also been recorded in the state during 2007 and 2009,
while serotype Asia1 has not been recorded between 2006
and 2011 (Subramaniam et al., 2012). The current study was
carried out to get more updated information on the status of
FMD in coastal districts of Odisha.
Although earlier, serological survey for antibodies against
FMDV was carried out in the state, the study was restricted to
goat population only (Ranabijuli et al., 2010), which revealed
the prevalence of antibody against non structural proteins (NSP)
and structural proteins (SP) in 38% and 20.7% of the animal
population, respectively. In this study, all the three suscep-
tible ruminant species (cattle, sheep and goat) with or without
the history of recent outbreaks were included to determine
prevalence of antibodies against FMDV SP and NSP. Further clini-
cal materials collected from FMD suspected animals were tested
in antigen differentiating ELISA and PCR to identify the preva-
lent serotypes.
2. Materials and methods
2.1. Study area and sample collection
Seventeen clinical materials (tongue and feet epithelium and
vesicular fluid) were collected from suspected FMD out-
breaks from the districts of Cuttack, Dhenkanal, and Ganjam.
The outbreaks were not extensive in nature involving only few
(5–10) animals in each episode and most of them were unvac-
cinated. The tissue samples were processed (chloroform
extracted 10% PBS suspension) and serotype were confirmed
using sandwich ELISA (Bhattacharya et al., 1996) and multi-
plex PCR (Giridharan et al., 2005).
In addition, a total of 551 random serum samples (51 cattle,
127 sheep and 373 goats) from the outbreak and non-outbreak
regions in the different coastal districts of Odisha (Fig. 1) were
collected and screened for antibodies against NSP and SP of
FMDV. The method of randomization followed during collec-
tion of samples was simple random sampling in which each
member of the subset has an equal probability of being chosen
with an unbiased representation. The consideration of an out-
break and non-outbreak region was based on the appearance
and absence of classical signs of foot-and-mouth disease among
animals respectively.
2.2. Detection of antibodies against NSPs (NSP-Ab)
of FMDV
The 3AB3 NSP-ELISA developed by Mohapatra et al. (2011) and
adopted as the primary screening assay for NSP serosurveillance
in India, was employed for detecting the NSP-Ab.The assay uses
the principle that antibodies against NSP 3AB are produced only
in FMDV infected animals (8–10 days after FMDV infection) but
not in uninfected animals that have been vaccinated with in-
activated purified vaccine thereby serving as a serological
marker of FMDV infection. The assay has an overall diagnos-
tic sensitivity of 96% and the diagnostic specificity of 99.1% and
96.4% for the naive and vaccinates, respectively. The test was
performed as described earlier (Mohapatra et al., 2011; Rout
et al., 2014) and was considered valid when the mean optical
density (OD) of the positive control wells was above 0.8, the
mean OD of the supplied negative control serum was less than
0.3 and background was less than 0.1. Final results for each
test serum was expressed as the PP value [(test serum sample
mean OD/positive control serum mean OD) × 100] i.e., percent
positivity value. The results are interpreted based on the fol-
lowing cut-off criteria:
1. 3AB3 NSP reactivity positive: If PP value was more than 40%
2. 3AB3 NSP reactivity negative: If PP value was less than 40%
For cattle samples, a serum dilution of 1:20 was adopted,
while for sheep and goats, a dilution of 1:50 was adopted. Like-
wise the anti-species HRP conjugate secondary antibody dilution
varied from 1:2000 for cattle to 1:20,000 for sheep or goat.
2.3. Liquid phase blocking ELISA (LPBE) to titrate
antibodies against SPs
Two-fold dilutions of serum samples were tested to estimate
serotype-specific SP-Ab titer using the in-house LPB ELISA kit
(PDFMD, Mukteswar) as per the procedure described earlier
(Ranabijuli et al., 2010). The results were expressed as percent-
age reactivity for each serum dilution as follows:
% Reactivity
Mean OD of test wells
Mean OD of antigen contro
=
l wells
× 100
The antibody titers were expressed as logarithm of recip-
rocal of serum dilutions giving 50% of the absorbance recorded
in the antigen control wells. The samples showing log10 titer
of ≥1.5 in case of cattle and ≥1.2 in sheep or goat against one
or multiple FMD virus serotypes (O, A and Asia 1) were con-
sidered as positive for infection or vaccination.
2.4. Data analysis
Statistical analysis of the data generated from the study was
performed using STATA 9. The alpha level was set at 0.05 and
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95% confidence interval (CI95%) was calculated. Pearson’s Chi-
square tests were used to detect significant differences in the
seropositivity between the species and areas. If the probabil-
ity value (P value) is less than or equal to set alpha level (0.05)
then the result was considered as statistically significant.
3. Results and discussion
3.1. Detection of FMDV serotypes in clinical samples
FMDV was detected in 7 of 17 epithelial tissue samples, of
which three were found to be serotype O and four were
detected to be serotype A. All the outbreaks were recorded in
cattle. In the recent past, five outbreaks owing to serotype A
were recorded in the year 2007 in the districts of Bhadrak
and Sambalpur, and during the year 2009 in Jagatsinghpur
and Kalahandi. In this study, outbreak due to serotype A was
recorded after a gap of almost two years in the district of
Cuttack. The study further revealed continual circulation of
serotype O with outbreaks being reported almost every year
and intermittent circulation of serotype A in the state of
Odisha.
3.2. Prevalence of antibodies against FMDV NSP
Overall, 33.33% of cattle, 3.93% of sheep and 38.33% of goats
were found to be seroreactors in 3AB3 NSP-ELISA (Table 1). The
level of apparent seroprevalence was higher in goats than in
cattle and sheep (χ2 = 34.4, df = 2, p < 0.0001). Seroprevalence
in cattle was higher than in sheep (χ2 = 20.2, df = 1, p < 0.0001)
and lower than in goats (χ2 = 0.316, df = 1, p = 0.574). When com-
paring between small and large ruminants, we found the level
of seroprevalence to be higher in small ruminants (χ2 = 0.0.099,
df = 1, p = 0.753). Among small ruminants, prevalence was sig-
nificantly higher in goats than in sheep (χ2 = 34.4, df = 1,
p < 0.0001).The NSP-Ab prevalence estimates should not be con-
sidered as representative of the entire population of the state
or the country as the sample size was small. Nevertheless, the
NSP ELISA results are indicative of past exposure or ongoing
virus activity in susceptible animals. The serum samples col-
lected from animals found in outbreak areas revealed more NSP-
Ab prevalence (41.1%; CI95% 28,55) compared to those found in
non-outbreak regions (28.8%; CI95% 24.8,33). Risk of seroposi-
tivity in sheep population was 3.7845 times more in outbreak
areas than in non-outbreak areas, whereas the seropositivity
risk among cattle in outbreak areas was 1.3125 times more than
the small ruminants.
Fig. 1 – Map of Odisha showing the study areas with the districts represented in different colors. C, cattle; S, sheep; G, goat,
n, number of samples collected. 1Includes sampling from outbreak areas.
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3.3. Prevalence of antibodies against FMDV SP
Antibodies against SP were found in 68.62% cattle, 38.87% goat
and 17.32% sheep populations against one or more serotypes
(log10 titer cut off value was 1.5 for cattle and 1.2 for sheep and
goat). These figures could be inclusive of both vaccine and in-
fection induced protective antibodies against SP. Of the 51 cattle
samples, 35 were derived from unvaccinated animals and 65.7%
of those unvaccinated animals were found positive for SP-
antibodies indicating a possible FMDV infection status. A total
of 81.75% cattle from outbreak areas were positive for SP an-
tibodies. In case of goats, 37.26% were found positive for SP-
antibodies. The serum samples of goat population found in
outbreak areas showed 1.5 fold higher NSP-Ab prevalence com-
pared to those found in non-outbreak areas. SP-antibody in
sheep population from outbreak areas showed a prevalence of
36.84%, whereas those from non-outbreak areas showed 14.81%.
The number of animals showing values equal and above
the cut off titer against FMDV serotypes is provided in Table 1.
Interestingly, in case of sheep, 27.3% SP-Ab positive animals
revealed antibody against serotype Asia 1. Serum samples of
sheep analyzed in the study were collected during the period
between November 2011 and March 2012. Indeed FMD out-
break due to serotype Asia 1 was recorded in cattle in the study
areas of the state after a gap of six years between September
and December 2012 (PD-FMD Annual Report, 2012–13). From
the above findings, it could be clearly inferred that the sheep
populations are frequently exposed to FMDV infection by dif-
ferent serotypes of the virus and remain as sub-clinical host.
3.4. Interpretation from antibody prevalence
The presence of NSP antibodies in 3.9% of the animals nega-
tive for SP antibodies might have been due to residual antibodies
arising from the past infection, as several studies have shown
that antibodies against NSP can persist for a longer duration
than SP after infection (Mohapatra et al., 2011; Robiolo et al.,
2005). Similar observations were observed previously by
Ranabijuli et al. (2010), where they reported an overall NSP-
Ab and SP-Ab seroprevalence of 38% and 20.7%, respectively
in randomly surveyed goat population of Odisha. In their study,
serum samples were collected mostly from southern dis-
tricts of Odisha, whereas the present study focused on coastal
districts of Odisha with different agro-climatic environment
and animal husbandry practices. A total of 8.6% of NSP nega-
tive samples were found positive for SP antibodies indicating
an early or very late stages of infection, whereas 8.8% of NSP
positive samples showed negative result in SP-ELISA, which
might be due to residual antibody titer from past infection. Per-
sistence of NSP-Ab up to 3 years post-infection in the absence
of virus recovery in small ruminants has been noticed earlier
(Paton et al., 2009). Similar comparison in case of sheep taking
the above parameters into account, it was found that 1.6%
animals were positive for SP and NSP antibodies, 15% posi-
tive for SP and negative for NSP antibodies, and 2.4% positive
for NSP antibodies and negative for SP antibodies. It may be
argued that NSP-Ab positive but SP-Ab negative category could
have been either due to a faster rate of decline of SP-Ab over
time subsequent to an infection or due to a weaker SP-Ab re-
sponse or due to relatively higher sensitivity or lower specificity
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of NSP-ELISA over LPB-ELISA. The former possibility appears
intriguing as it has been shown that following an infection,
animals can remain seropositive to structural antibodies of
FMDV for several years (Doel, 2005), but at the same time, the
rate of decline of SP-Ab in small ruminants has been shown
to be faster than that in cattle (Cunliffe, 1964; Dellers and Hyde,
1964).
Presence of SP antibodies against a particular serotype in
a non-vaccinated scenario indicates its involvement in previ-
ous FMDV infection. More number of serum samples from the
ruminant population of the state revealed high antibody titer
against serotype O and A. In the current study the major se-
rotypes responsible for the outbreaks were found to be O and
A as determined by antigen detection ELISA and PCR, which
supported the data derived from SP ELISA. Correlation of NSP
and SP data clearly projected the prevalent serotypes.
Although only 500 sheep and goat serum samples have been
tested in both NSP and SP-ELISA, this work has gathered se-
rological evidence of virus activity in small ruminant population
of Odisha. The animal husbandry practice in Odisha reflects
cattle, sheep and goats being reared in close proximity and at
many places even co-housed in a single shed. Similarly, com-
munal grazing is practiced in most of the areas, and both small
and large ruminants are allowed to use the same pasture land
and water sources. So these unrecognized FMDV infected sheep
and goats could pose a potential risk of virus dissemination
to cattle and other animals. Hence, surveillance activities in
small ruminants alongside large ruminant population must be
strengthened.
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